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FOREWCRD

1. In the past, Mlitary Standard 188 (M L-STD 188), covering mlitary
communi cations systemtechni cal standards, has evol ved from one docunent
applicable to all mlitary comunications (ML-STD 188, M L-STD 188A, and M L-
STD-188B) to one applicable to tactical comunications only (ML-STD 188C).

2. The Def ense Communi cati ons Agency (DCA) published DCA Grcul ars (DCAQ
promul gati ng standards and criteria applicable to the Def ense Communi cati ons
System (DCS) and to the technical support of the National Mlitary Comrand
Syst em (NMCS) .

3. Standards for all mlitary communications are now bei ng published as
part of a ML-STD 188 series of documents. Mlitary comruni cations system
t echni cal standards are subdivided i nto common |ong haul /tactical standards
(M L-STD- 188-100 series), tactical standards (M L-STD 188-200 series), and

| ong haul standards (M L-STD 188-300 series).

4. Thi s docunent contains technical standards and desi gn objectives for
common | ong haul and tactical symretrical pair and coaxi al cable

communi cati ons subsystens. It supersedes M L-STD 188-315, Standards for Long
Haul Communi cations: Subsystem Desi gn/ Engi neeri ng and Equi prrent Techni cal
Design Standards for Wre Systens.



M L- STD- 188- 112
31 AUGUST 1983

TH S PAGE | NTENTI ONALLY BLANK



M L-STD-188-112
31 AUGUST 1983

CONTENTS

Par agr aph Page

SCOPE

Pur pose

Application

Syst em st andards and desi gn obj ecti ves

el .
WN R
N

REFERENCED DOCUMENTS
| ssues of docunents
.2 C her publications

NINEN
H
NN DN

w

DEFI NI TI ONS

w

GENERAL REQUI REMENTS

I ntroduction

Transmi ssion characteristics

QG oundi ng

Digital transm ssion

CGosstalk reduction in digital transm ssion
M xi ng gages

Li ght ni ng consi der ati ons

I nsul ati on consi derations

e ko
O~NOCTAWN R
[N NE I NN N N NN

DETAI LED REQUI REMENTS

I ntroduction

Symetri cal - pair cabl e subsystens

H ectrical characteristics

Aver age mutual capacitance

Capaci t ance unbal ance, pair-to-pair
Capaci t ance unbal ance, pair-to-shield
Capaci t ance unbal ance, pair-to-ground

O osstalk | oss

Mit ual conduct ance

Dielectric streng th (vol tage w thstand)
I nsul ation resistance

Conduct or resi stance

Resi st ance unbal ance

Crosses, shorts, and grounds

Shield continuity

Frequency response

Internally screened nultipair cable 11
Near - end crosstal k (NEXT) 11
Dielectric strength 11
Carrier frequency attenuation 11
Repeat er spacing for digital transm ssion 14
Low capaci t ance cabl e 14
Coaxial, twinaxial, and triaxial cable subsystens 14
1 Frequency response 14

PRPPRPOO~NOOOPRAWNE

N
OCOOOWOWOONNNINNOODOOOOO OO

Ao o ol el ol el ol

oo ooooaaaaaaaaaaa
MNP

CUAWRWRWNNNNRNNNNNRNNNNNN -



Par agr aph

QISR NS RORS RO R NSRS R NSRS

ISR RS RE NSRS RERERORE R NOR

COPDDONUNIUIU A WN
abrhWNE

abrwWNE

Fi gure

Tabl e

<xSSs<_-Z==Z

Appendi x

Appendi x
Appendi x

Appendi x

CONTENTS ( Cont i nued)

Total channel noi se
Repeat er section

O oss Tal k

El ectrical characteristics
Resi st ance

Capaci t ance

| npedance

Return | oss

Maxi mum oper ati ng vol t age
Cabl e characteristics for video transm ssion
| npedance

Return | oss

Attenuation distorti on
Phase devi ati on

Qoup delay distortion

FI GURES

Attenuation versus frequency;, AW 19, 22, 24, 26
Near end crosstal k characteristics
Carrier frequency attenuation

TABLES

T1 Digital data rate characteristics
Aver age mutual capacitance

Pai r-to-pair capacitance unbal ance

Pai r-to-shi el d capacitance unbal ance

I nsul ation 3-second dc vol tage wi t hstand
Maxi mum conduct or resi st ance

Maxi mum r esi st ance unbal ance

DC testing vol t ages

H ectrical data for selected cabl es

APPENDI XES

Menor andum from t he Assistant Secretary

of Defense for Communi cations, Command contro
Intelligence; 10 May 1977, SUBJECT: Mandatory
use of mlitary standards in the 188 series
Abbr evi ati ons and acronyns

Tenperature correction formulas for attenuation
resi stance, and repeater spacing

Conpari son of wre gage di ameters

M L- STD- 188- 112
31 AUGUST 1983

Page

=
QOO N~NO B>~

)
QO
«
D



M L- STD- 188- 112
31 AUGUST 1983

1. SCCPE

1.1 Pur pose. This docunent provides mandatory system standards and suggests
optional -desi gn objectives to insure interoperability and to pronote
conpatibility and commonal ity among | ong haul and tactical symmetrical -pair

and coaxi al cabl e transm ssion subsystens. This standard al so establishes a

| evel of perfornmance considered necessary to satisfy a majority of users.

This standard is intended to facilitate advances in technol ogy rather than

i nhi bit devel opnent.

1.2 Application. This standard is to be used in the design, engineering,
and installation of new cabl e subsystens for |ong haul and tactical

communi cations systens. New systens and those being nodified or upgraded
shall be nade to conformto this standard. It is not the intent of this
standard that existing systens be imedi ately converted to conply with its
requi rements. This standard pertains to the transm ssion nedia, and to

equi prent only as it affects the traffic. Tel ecomunications design
parameters influence the functional integrity of tel ecomrunicati on systens and
their ability to efficiently interoperate with functionally simlar Governnent
and comercial systens. Therefore, relevant mlitary standards in the ML-STD
188 series will be mandatory for use within the Department of Defense (DoD).

1.3 System st andards and desi gn objectives . The paranmeters and ot her
requi renments specified in this docunent are mandatory subsystem standards if
thi word "shall" is used in describing the subsystem s adherence to the

par amet er val ue under consideration. Nonmandatory design objectives are

i ndi cated by use of the Wrd "shoul d* in connection with the paraneter val ue
under consideration. For a definition of the terns "system standard" and
"desi gn objective" see FED STD 1037.
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2. REFERENCED DOCUMENTS

2.1 Issues of docunents . Unless otherw se specified the foll owi ng standards
and handbooks of the issue listed in that issue of the Departnent of Defense

I ndex of Specifications and Standards (DODI SS).specified in the solicitation
forma Part of this standard to the extent specified herein.

STANDARDS:
FEDERAL:
FED- STD- 1037 A ossary of Tel ecomruni cati on Terns
M LI TARY:
M L- STD- 188- 100 Common Long Haul and Tactical Communi cation
Syst em Techni cal St andards
M L- STD- 188- 124 @ oundi ng, Bondi ng, and Shielding for Common
Long Haul / Tacti cal Communi cation Systens
HANDBOCKS:
M LI TARY:
M L- HDBK- 216 RF Transm ssi on Lines and Fittings
M L- HDBK- 419 @ oundi ng, Bondi ng, and Shiel ding for

El ectroni c Equi prent and Facilities

(Copi es of specifications, standards, draw ngs, and publications required by
contractors in connection with specific procurenent functions should be
obtained fromthe procuring activity or as directed by the contracting
officer.)

2.2 Qher publications . Not applicable.
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3. DEFINTIONS

Definitions of nost tel ecommnications terns used in this docunent are
specified in FED- STD-1037. Following are definitions of terns peculiar to
wire and cabl e subsystens which are not specified in FED STD-1037. Appendi x B
conprises a list of abbreviations and acronyns and their neani ngs.

Dielectric strength. The maxi numvoltage a dielectric can withstand wi t hout
rupturing; also called breakdown strength or insulating strength.

Field wire. Aflexible insulated wire used in field tel ephone and field
tel egraph systens. WD 1 and WF-16 are types of field wire.

Shield. A screen or housing (usually a conductor) placed between the send and
recei ve sides of wire pairs to reduce electric and magnetic fiel ds between
them Also, the external conductor in a coaxial, twnaxial, or triaxial

cabl e.

T1 carrier. A 24-channel digital data carrier with a rate of 1.644 megabits
per second (M/s).

NOTE: TA1C operates at 3.154 M/ s and has 48 channel s.
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4. GENERAL REQUI REMENTS

4.1 Introduction. This standard deals with tactical and |ong haul w re and
cable at a transm ssion nediumfor both digital and anal og systens.

4.2 Transm ssion characteristics . Transmssion characteristics shall be in
accordance with M L-STD 188-100 radi o transni ssion subsystens, Parameters for
anal og service, Paraneters for data service, and Transm ssion circuits.

Though field wire nmay depart fromthese standards, its use in tactical

communi cation systens is justified.

4.3 Gounding. Gounding. bonding, and shielding shall be in accordance wth
M L- HDBK- 419, Lightning protection for structures and Fault protective
subsystem H gh frequency cabl es shall be grounded in accordance with M L-
STD-188-124. Shield tern nations of coaxial and ot her higher frequency
cables. The objectives of groundi ng, bonding, and shielding are to protect
per sonnel and communi cati ons equi prent from hazardous vol t ages caused by
lightning strikes, electrical power faults, and high-level electromagnetic
radi ation; and to keep circuit noise levels within acceptable |imts under
normal operating conditions.

4.4 Dgital transmssion . Cable systens often carry digital signals
operating at a variety of transmssion rates; for exanple, Tl carrier at 1.544
Md/s; DCS pul se code nmodul ation (PCV) time division multiplex (TDV signals at
800N b/s, where N is the nunber of PCMvoice channels; and digital radio and
mul tiplex acquisition (DRAVA) TDM signals in a hierarchy of rates (1.544,
3.2329, 6.4649, 9.696, 12.928 Md/s). These digital signals are transmtted
only over short cable distances; for exanple, 80 kilonmeters (kn) (50 mles
(m)) or less for Tl carrier. Table | gives salient characteristics of T1
transm ssi on.

TABLE I. T1 digital data rate characteristics

Parameter Value

Data rate 1.544 Mb/s

Pulse amplitude 3 volts (V)

Duty cycle 50 percent

Design frequency 772 kilohertz (kHz)

Channels 24
4.5 (Qosstalk reduction in digital transmssion . Four nmethods are used to
reduce near-end crosstalk in digital transm ssion over paired cable:
a. A separate cable for each direction of transm ssion
b. Send and receive cable pairs separately bound within the same

bi di rectional cable.

C. An internal shield or screen separating transmt and receive pairs.
d. Low capaci t ance cabl e.
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4.6 Mxing gages . In establishing new subsystens, avoid m xi ng wire gages.
Where existing piant is to be used for a portion of a system a mxture of
gages i s sonetimes unavoi dable. Even then, no nore than two gages of wre
should be joined in a symmetrical -pair cable run. Appendix E includes a table
of wire gages in three systens: American Wre Gage (AWH, New British Standard
(NBS) -al so known as British Standard Wre Gage-(SW5, and Bi rm ngham Wre Gage
(BA. Wre sizes in this docunent are given in Anerican Wre Gage

4.7 Lightning considerations . Lightning nust be considered in sone

geogr apni cal ar eas. Certain cables, for exanple, foaminsul ated cables, are
nore susceptible to lightning than others. (Refer to ML-HDBK-419 for a

conpl ete discussion of |ightning protection.)

4.8 Insulation considerations . Cable or wire nust be able to w thstand
fluids or gases in the internal environnent. (See Federal Supply

O assification 6145 for detail ed cable specifications pertaining to the
effects of fluids and gases, wicking, corrosion, and tenperature extrenes.)
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5. DETAI LED REQU REMENTS

5.1 Introduction. Section 6 is devoted to standards for electrica
characteristics of 4-kHz nultiple-pair circuits and coaxial, tw naxial, and
triaxial cable for voice or data transm ssion

5.2 Symmetrical -pair cable subsystens . These standards establish m ni num
performance requirements for a four wire nomnal 4-kHz tel ephone-type

circuit transm ssion multiple-pair line facility.

5.2.1 Hectrical characteristics . The follow ng standards apply to nultiple-

pai r cables having metal shields and synthetic jackets. Appendix C conprises
test nethods for the follow ng electrical characteristics.

NOTE: Air-core cable placed without a dry gas fl ow systemto
provi de a continuous positive pressurization can be expected to
contain sone degree of noisture. Misture within the cable core
can make the wires and cabl es unsuitable for voice frequency or
carrier systemcircuits. Entrance of noi sture causes increased
mut ual capaci tance and attenuation. This transm ssion degradation
shoul d be taken into consideration when anal yzi ng the perfornmance
of cables in aerial systens. Burying of air-core cable is not

r econmended.

5.2.1.1 Averaoe mutual capacitance . The average mutual capacitance of the
pairs in any reel or nmultiple-pair cable shall be within the limts shown in
table 11.

TABLE I'l1. Average mutual Capacitance .

Number of Average Mutual Capacitance

Cable Pairs _ (pF/km) (uF/mi)

Fewer than 6 0.052 + 0.006 0,083 + 0,010

6 to 17 0,062 + 0,004 0.083 + 0,007

18 or more 0,052 + 0,002 0.083 + 0,004
5.2.1.2 Capacitance unbal ance, pair-to-pair . Pair-to-pair capacitance
unbal ance as neasured on the conpleted cable at a frequency of 1000 hertz (Hz)
+ 100 Hz shall not exceed the values listed in table Il when corrected to 1-

km or 1000-foot (ft) |engths.
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TABLE 111. Pai r-to-pair capacitance unbal ance
Maximum Individual Root Mean Square (rms)
Number of Unbalance Unbalance
Cable Pairs (pF/km)  (pF/1000 ft) (pF/km) (pF/1000 ft)
Fewer than 12 181 100 mm—— eeee-
12 or more |  ===e= ceeae 45.3 25

NOTE: Pair-to-pair capacitance unbal ance increases in proportion to the square
root of cable length. It is neasured in picofarads (pF).

5.2.1.3 Capacitance unbal ance, pair-to-shield . Pair-to-shield capacitance
unbal ance as neasured on the conpleted cable at a frequency of 1000 Hz +/- 100
Hz shall not exceed the values in table IV when corrected to 1-kmor 1000-ft
lengths. Pair-to-shield capacitance unbal ance varies directly with cable

| engt h.

TABLE | V. Pai r-to0-shi el d capacitance unbal ance

Maximum Individual rms

Conductor Size | Number of Unbalance Unbalance
AWG Cable Pairs (pF/km) (pF/1000 ft) | (pF/km) (pF/1000 ft)

19, 22, 24 Fewer than 12 | =~c=== = coeee 984 300

12 or more 410 126 | =e=m=m eme- -

26 Fewer than 12 328 100 1640 500

12 or more 328 100 1640 500
5.2.1.4 Capacitance unbal ance, pair-to-ground . The maxi mum average pair-to-

ground capacitance Unbal ance shall not exceed 656 pF/ kM 1200 pF/ 1000 ft). The
i ndi vi dual pair-to-ground capacitance Unbal ance shall not exceed 2625 pF/ km
(800 pF/ 1000 ft). Pair-to-ground capacitance unbal ance varies directly with
cabl e | engt h.

5.2.1.5 (Qosstalk loss . The rnms output-to-output, far-end crosstal k coupling
| oss as measured on the conplete cable at a frequency of 150 Hz shall be
greater than 67.8 decibels ?dB)/km (73 dB/ 1000 ft) for cable with 6 or nore
pairs. The rns value shall be based on the conbined total of all adjacent and
alternate pair conbinations within the sane |ayer and center-to first-layer
pai r conbi nations. The mni numindividual far-end crosstal k coupling |oss

shall be 57.8 dB/ km (63 dB/ 1000 ft).

5.2.1.6 Mitual conductance . Mitual conductance of any cable pair, shall not
exceed 1.2 m cromhos/km (2 m cromhos/ m).
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5.2.1.7 Delectric strength (voltage withstand). The insulation between the
shield and any Conductor, and the Insul ati on between conductors, shal

withstand for 3 seconds a direct current (dc) voltage not |ess than that shown
intable V.

TABLE V. I nsul ati on 3-second dc voltage wi t hstand
AWG_Number 19 22 24 26 |
Conductor-to-conductor 4,500 3,600 3,000 2,400
Conductor-to-shield 10,000 .| 10,000 10,000 10,000
5.2.1.8 Insulation resistance . Each insul ated conductor shall have an

i nsul ation resistance of not |ess than 16, 000 negohm km (10, 000 negohm m ).

5.2.1.9 Conductor resistance . The dc resistance of any conductor shall not
exceed the valies given in table VI when corrected to 1-kmor 1000-ft |engths
nmeasured at or corrected to 200 Celsius (C (68 Fahrenheit (F)).

TABLE VI . Maxi mum conduct or resi st ance
Conductor Maximum 4 Makimum Average
Size Conductor Resistance Conductor Resistance
(AWG) (ohms/km)  (ohms/1,000 ft) ~ (ohms/km)  (ohms/1,000 ft)
19 28,5 8,7 27.6 8.4
22 57.1 17.4 55.4 16.9
24 90,2 27.5 87.6 26.7
26 144.4 44,0 141.1 43,0
5.2.1.10 Resistance unbalance . The difference in dc resistance between two

conductors of a pair shall nof exceed the values listed in table VI when
corrected to 1-kmor 1000-ft lengths. Resistance is proportional to the cable
length. For conposite cables, a separate average shall be determ ned for each
gage which shall meet the requirements of table VI1. The resistance unbal ance
bet ween conductors shall be conpletely randomw th respect to direction of the
unbal ance; that is, the resistance of one conductor shall not be consistently
hi gher with respect to another conductor
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TABLE VI 1. Maxi mum r esi st ance unbal ance

Conductor Size Average for Any Reel Maximum Individual Pair
(AWG) (ohms/km)  (ohms/1000 ft) | (ohms/km) (ohms/1000 ft)

19 ' 0,60 U.2 1.9/ 0.6

22 1.31 0.4 . 3.94 1.2

24 1.97 0.6 5.91 1.8

26 ' 2.95 0.9 7.87 2.4
5.2.1.11 (COosses, shorts, and grounds . . Each reel of cable shall be free

from crosses, shorts, and grounds (respectively, insulation fault between a

conductor of one pair and a conductor of another pair; between a conductor and
the shield; and between the shield and ground) when tested with dc vol tages
listed in table VIII.

TABLE V111 DC testing vol tages .
Conductor Size . dc Voltage

(AWG) ' | (kiTovolts (KV))

19 - 4,5

22 | 3.6

24 3.0

26 2.4

5.2.1.12 Shield continuity . The shield shall be continuous and uniform over

the entire length ot tne Cable.

5.2.2 Frequency response . Attenuation as a function of frequency shoul d
agree with the nomnal values shown in figure I for AW5 nunbers 19, 22, 24,
and 26.

NOTE: Attenuation of mxed gage systens can be calculated as in
the followi ng exanple. At a frequency of 200 kHz, 22 AW cabl e
has an attenuation of 11 dB/nf, and 19 AWG cabl e has an
attenuation of 8 dB/m (see figure 1). A run of 2 mles of 22 AWG
and 3 niles of 19 ANG cabl e woul d have a total attenuation of 46
dB, that is 22 dB (2 m x 11 dB/m) added to 24 dB (3 ni x 8
dB/m). Wen neasuring attenuation, the cable is termnated in
its characteristic inpedance.
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5.3 Internally screened nultipair cable . Internally screened cable is
generally used in high speed data transm ssion systens. The screen mnimzes
near-end crosstal k by separating the cable pairs into two identical sections.

5.3.1 Near-end crosstalk (NEXT). The internal screen shall reduce near-end
crosstalk to within the values of the curve in figure 2. This reduction shall
be acconplished without affecting nmutual capacitance (in the event part of the
pairs are used for |oaded voi ce frequency transm ssion) or other electrica
characteristics.

5.3.2 Dielectric strength . Presence of the internal screen shoul d not
degrade dielectric strength integrity of cable pairs.

5.3.3 Carrier frequency attenuation . Carrier frequency attenuation in
internally screened symretrical pair cables should be within the nom na
[imts shown in fig 4 (For T1 carrier, repeater spacing shall be of a

di stance which yields a nmaxi numof 32 dB between repeaters or between
repeaters and receivers in order to maintain adequate signal-to-noise ratios.)

11
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5.3.4 Repeater spacing for digital transmssion . During the early

devel opnent of cable repeaters for PCMtransm ssion (specifically Tl carrier),
the repeaters were designed for installation at the sane intervals as the

al ready existing loading coils in 22-gage, paper-insul ated, 0.083l pF cabl e.

By this narrow definition, they provided a gain of 35 dB; hence, a convention
arose that the maxi mumrepeater spacing would be a distance that yielded a
maxi mum attenuation of 35 dB. This repeater spacing is not a nandatory

st andard.

5.4 Low capacitance cable . Dependi ng upon application, |ow capacitance cable
rangi ng from19.9 to 39.7 nanof arads/ km (nF/ kn) (32 to 64 nF/ nm) can reduce
near-end crosstalk in digital transm ssion

5.5 C(Coaxial, twinaxial, and triaxial cable subsystens . Coaxial; triaxial
and shi el ded, two-conauctor, twi sted-pair (tw naxial) cable subsystens are
used in tactical and |ong haul comunications systens for the transm ssion of
baseband, video, and radio frequencies. |In general, |arger cables have | ower
dc resistance, attenuation, and return | oss; higher dielectric strength; and
simlar characteristic inpedance, capacitance, and velocity of propagation
The nom nal electrical characteristics of selected cables are shown in table
I X. Cables shall neet the follow ng standards given in M L-STD 188-100
Parameters for anal og service, Parameters for data service, and Transm ssi on
circuits. Characteristics of radio frequency cable are listed In M L-HDBK-
21 6.

5.5.1 Frequency response . Typical cables have attenuation-versus-frequency
characteristics as shown in table I X

5.5.2 Total channel noise . Noise accumulation as a function of cable system
I ength shall not exceed 1.62 picowatts psophonetrically weighted (pW)
(rme)/km (2.6 pW (rms)/ m) neasured over the bandwi dth of a nom nal Voice
channel (300 to 3400 Hz).

14
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IX HEectrical data for sel ected cable

RG-58/U RG-59/U RG-108/U THC 78-2 THC 1242 CX11230 _

Nominal impedance 50 75 78 78 124 60
ohms ' (below 4gg kHz),
(above 400 kHz)
Nominal capacitance
pF/m 93.5 68.9 80.4 64.6 40.7 ———
(pF/ft) (28.5) (21.0) (24.5) (19.7) (12.4) -——
DC Toop resistance :
ohms/km -— -— -— 62,3 196.8 55
(ohms/1000 ft) - —-— —— (19.0) (60.0) (16.7)
Maximum operating ,
voltage 1900 2300 1000 1000 1000 ———
(Vrms)
Nominal attenuation
dB/100 m
(dB/100 ft)
Frequency (kHz)
10 4,6 3.6 7.5 5.2 5.2 -
(1.4)  (1.1) (2.3) (1.6) (1.6) ————
50 4,4 ° 8.9 17.1 17.0 11.8 ———-
. (1.3) (2.7) (5.2) (5.2) (3.6) ———-
100 1 17.4  13.1T 24.6 ———— ———— 0.53
: (5.3 (4.0) (7.5) ———— ———- (0.161)
400 37.7 27.9  52.5 ——— ——— ————
(11.5)° (8.5) (16.0) —— ——— ——

NOTE: The above val ues are typical

manuf act ur ers.

but sone variations will
Bl anks represent informati on not applicabl e.

appear between

15



M L- STD- 188- 112
31 AUGUST 1983

5.5.3 Repeater section. Repeater section planning length is determned not
only bv cable characteristics, but by factors external to the cable such as
transmtter power and receiver noise figure. The existence of external
factors precludes the standardi zati on of planning | engths. Procedures for
calculating planning lengths at 200 C (68 F) and ot her tenperatures are given
in Appendix D, along with sanple cal cul ations.

5.5.4 (Qosstal k. The highest value of near-end or far-end crosstal k at the
lowest Transmitted intelligence frequency shall be at |east 55 dB bel ow si gnal
I evel .

5.5.5 Hectrical characteristics . FEectrical characteristics for typical
coaxi al cables follow

5.5.5.1 Resistance. The dc | oop resistance for cabl es neasured over
30.5 neter (n) (100 ft) lengths at 20 C (68 F) is given in table I X for
sel ected cabl es.

5.5.5.2 Capacitance. The capacitance for selected cables is given in table
I X

5.5.5.3 Inpedance. The real conponent of the inpedance of typical coaxi al
cables termnated in a nonreactive |oad and neasured at a frequency of 1
nmegahertz (MHz) shall be one of the follow ng val ues:

50 +/- 2 ohns
60 +/- 2 ohns
75 +/- 2 ohns
78 +/- 2 ohns (bal anced tw n-conduct or)
95 +/- 2 ohns
124 +/- 2 ohns (bal anced tw n-conduct or)

5.5.5.4 Return loss. The return |oss shall not be |l ess than 24 dB against a
resi stance equal to nom nal inpedance over the useful frequency range of the
cabl e.

5.5.5.5 Maxi numoperating voltage . Maxi numoperating voltage that can be
wi t hstood by typical cables is given in table I X

5.5.6 Cable characteristics for video transm ssi on

5.5.6.1 Inpedance. The inpedance shall be 75 + 2 ohns at video input and
out put term nal s.

5.5.6.2 Returnloss. See 5.4.6.4.

6.6.6.3 Attenuation distortion . Attenuation distortion shall not exceed the
fol |l owi ng val ues:

+/- 1 dB up to 2 nmegahertz (Miz)

+/- 2 dBfrom2 Mz to 4 Mz, except +/- 1 dB at 3.58 MHz (col orbur st
f requency)

+/- 3 dBfrom4 Mz to 5 Mz
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5.5.6.4 Phase deviation. The phase deviation between 30 Hz and 4 Mz shall
not exceed 5 degrees (equivalent to 0.004 mcroseconds) tinme delay at 3.58
MHz) .

5.5.6.5 Qoup delay distortion . The spread of the variation in group del ay
between 2 nhz and 4 nmhz shall not exceed 4 m croseconds, and between 4 Mtz and
5 Mz shall not exceed 1 microsecond. The change of group delay in 100 kHz
intervals shall be less than 0.1 m croseconds.

17
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APPENDI X A

MEMORANDUM FROM THE ASS| STANT SECRETARY OF DEFENSE FOR COMMUN CATI ONS,
COMWAND, CGONTROL AND | NTELLI GENCE, 10 NAY 1977; SUBJECT: NANDATORY USE CF
M LI TARY STANDARDS I N THE 188 SERI ES.

Thi s appendi x contains information related to ML-STD 188-112. Appendix Ais
a mandatory part of this standard.
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ASSISTANT SECRETARY OF DEFENSL
WASHINGTON. 1. €. 20301

10. MAY 1877

SOMMUNICATIONS, COMMAND,
SONTROL, AND INTELLIGENCE

MEMORANDUM FOR Assi stant -Secretary of the Arny (I&L)
Assistant Secretary of the Navy (I&L)
Assistant Secretary of the Air Force (1&L)
Comrandant of the Marine Corps
Director, Defense Communi cati ons Agency
Director, National Security Agency

SUBJECT: Mandatory use of mlitary standards in the 188 Series

On January 3, 1972, the Assistant Secretary of Defense (1&) found it
necessary to nake a significant change in the DoD Standardi zati on Manual

4120 3M because of recurring msapplications of mlitary standards in general.
The consequence of the change is that mlitary standards as a general rule are
now cited as "approved for use" rather than "nandatory for use" in the

Depart znent of Defense.

This deference to the judgnment of the designing and procuring agencies is
clearly appropriate to standards dealing w th process, conponent ruggedness
and reliability, paint finishes, and the like. It is clearly not appropriate
to standards such as those in the MLSTD 188 series which address

t el ecommuni cation desig n parameters. These influence the functional
integrity of tel ecomrunication systens and their ability to efficiently
interoperate with other functionally simlar Governnent and commerci al
systens. Therefore, relevant mlitary standards in the 188 series wl|
continue to be mandatory for use within the Depart ment of Defense.

To minimze the probability of msapplication of these standards, it is

i ncunbent upon the devel opers of the MLSTD 188 series to insure that each
standard is not only essential but of uniformy high quality, clear and

concise as to application, and wherever possible conpatible with existing or
proposed national, international and Federal telecommnica tion standards. It
i s al so incunbent upon the users of these standards to cite in their

procurenment specifications only those standards which are clearly necessary to
the proper functioning of the device or systens over its projected lifetine.
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This direction is in consonance with the recomrendati ons nade by the D rector,
Defense Materiel Specifications and Standards Ofice, in his letter of March
4, 1977, which was addressed to the US . Arny E ectronics Comrand.

il f Borrse

Gerald P. Dinneen
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10. CGENERAL

10.1 Scope

M L- STD- 188- 112
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APPENDI X B

ABBREVI ATI ONS AND ACRONYMS

. This appendi x contains a |list of abbreviations and acronyns used

in ML-STD 188-112.

10.2 Application. This appendix is a nonmandatory part of M L-STD 188-112.

AWG
b/s
BWG
c

dB
dBnd

dc

DCA

DCAC

DCS

DoD

DAD SS

DRANVA Digital

F
FSC
ft

Hz
kHz
km
kV

m
M/ s
MHz
m

TTF
ns
NBS
NEXT
nF
NMCS
PCMm
pF
pwp
RG U
rns
SWG

TDM

Anerican Wre Gage

bits per second

Bi rm ngham Wre Gage

Cel si us

deci bel

deci bel s (noise power) referred to one mllivolt at zero

transm ssion | evel point

direct current

Def ense Communi cati ons Agency

Def ense Communi cati ons Agency G rcul ar

Def ense Commun i cati ons System

Department of Defense

Department of Defense | ndex of Specifications and Standards
Radi o and Mul ti pl ex Acquisition

Fahr enhei t

Federal Supply d ass

f eet

hertz

kil ohertz

ki | onet er

kil ovol t

net er

nmegabi ts per second

nmegahert z

mle

m cr of arad

m cr oseconds

New British Standard

near - end crosstal k

nanof ar ad

National Mlitary Command System

pul se code nodul ati on

pi cof ar ad

pi cowatts psop honetrical ly wei ghted

radi o gui de, uni versal

root nmean square

British Standard Wre CGage

time-division multiplex
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APPENDI X C
TEST METHODS
10. CGENERAL
10.1 Scope. This appendi x provides general techniques and nethods for
nmeasuring val ues for the perfornance paraneters of wire and cable specified in
section 5. This section provides infornation to further the understandi ng of
parameters included in the standard. Wen using these test techniques, care
must be observed in selecting test equi pment so satisfactory results are
obt ai ned, and caution nust be taken to insure the safety of personnel and
equi prent i nvol ved.

10.2 Application. This appendi x di scusses test methods common to w re and
cable transmssion in long haul or tactical communications systens. The

di scussion treats general nethods of testing rather than step-by-step
procedures. This appendix is a nonmandatory part of M L-STD 188-112.

20. REFERENCED DOCUMENTS

20.1 | ssues of documents . Unless otherw se specified, the follow ng
standard of the issue listed in that issue of the Departnent of Defense |ndex
of Specifications and Standards (DCODISS) specified in the solicitation forns a
part of this standard to the extent specified herein.

STANDARDS
M LI TARY
M L- STD- 188- 100 Common Long Haul and Tactical Communi cation
Syst em Techni cal St andards
20.2 G her publications . The followi ng docunent forns a part of this

standard to the extent specified herein.

ANSI C8.47-1977 Communi cati ons Cabl es, Pol yol ef i n-1 nsul at ed,
Ther nopl ast i c-j acket ed

(Application for copies should be addressed to Anerican National Standards
Institute, 1450 Broadway, New York, NY 10016.)
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30. TEST METHODS

30.1 Total channel noise . (Refer to 5.5.2.) Total channel noise in cable
systens is made up of randomthermal and crosstal k conponents. (This

di scussi on does not include inpul se noise due to |ightning, swtching
transients, and other sporadi c phenonena, since the concern of the standard
here is "conti nuous"” noise.) A neasuremnent of noise in nonmultiplexed voice
channel s enpl oys a Wstern H ectric 3A or equal noise-nmeasuring set. The
nmeasur enment of noise in nmultiplexed voi ce channel s enpl oys a white noi se test
set. In using a white noise test set to neasure total channel noise in voice
frequency channels, the transmtter of the test set produces a w deband noise
spectrumthat simul ates busy-hour traffic conditions. Thus, it sinulates the
conbi nation of thermal and crosstal k (nonintelligible only) conponents. A
notch filter prevents the transm ssion of the sinulated noise in a band
representative of a nomnal voice channel. At the receiving end of the
transm ssion-system the receive portion of the test set provides a

measur enent of the noise present in the notch-filtered band.

30.2 Conduct or resi stance and resi stance unbalance . (Refer to 5.2.1.9,
5.2.1.10, and 5.5.14) The resistance of the conductor is neasured in one of
two ways: by a Wieatstone bridge, in which a resistance is nmeasured in direct
conparison with a standard resistance; or by a Varley |oop, which gives the
difference in resistance between two wires in a loop. The Varley loop is a
variation of the Weatstone bridge.

30.2.1 Wieatstone bridge nethod . In the Weatstone bridge nethod, the | ength
of conductor should be known to an accuracy of 0.2 percent. Leads used to
connect the neasuring bridge to the cable facility bei ng measured shoul d be
short-circuited at the far end and their resistance neasured. The result

shoul d then be subtracted fromthe total value obtained in the test.

30.2.2 Varley loop nethod . This nethod is an alternative use of the
Wheat st one bridge in which only one end of the conductor to be measured is
near the test unit and the other end is at a distance, requiring the use of an
addi ti onal conductor of unknown resistance. Two measurenents are necessary
(figures G1 and G 2) before a result can be obtained. Identify the conductor
at the two points between which the resistance is to be nmeasured, and identify
a spare conductor between the same two points. Strap the conductors together
at the far end (see figure G 1) and connect the near ends to the resistance
bri dge as shown in the figure. Read the resistance in the customary fashion
recording the figure as R, realizing this is not initself the desired
information. The shorting strap is now connected as in figure G2 and the
near connections are al so changed as shown in the figure. The resistance is
again read, and recorded as R2. The desired resistance, Rx, is calcul ated
fromthe follow ng fornula

Rx = A(R - R)/(A+ B
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BRIOGE (A)
A __SPARE CONDUCTOR
GALVANOMETER ,_CONDUCTOR TO BE MEASURED SHORTING
R STRAP
ﬁvo SHEATH
~4
OC SOURCE
FI GURE G 1. Fi rst measurenent of conductor resistance, Varley | oop nmet hod .
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BRIDGE (A)

A | _ SPARE CONDUCTOR

GALVANOMETER CONDUCTOR TO 8E MEASURED Isuonnue
— , X STRAP

R /

/«o " SHEATH

OC SOURCE

FI GURE G 2. Second neasurenent of conductor resistance, Varley |oop nethod
A = value of A arm
B = value of B arm
RL = value of R first measurenent
R =

val ue of R second neasurenent
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30.3 Mit ual capaci tance and capaci tance unbal ance . (Refer to 5.2.1.2
5.2.1.3, 5.2.1.4, and 5.5.5.2.) This test neasures effective capacitance
between two wires of a pair; and capacitance unbal ance between pairs, or

bet ween pairs and shi el d. The capacitance between two conductors is the
rati o between the charge transferred fromone conductor to the other, and the
resultant difference in the potentials of the two conductors when insul at ed
fromeach other and fromall other conductors. The test is performed with an
i npedance bridge with internal 1000 hertz (Hz) + 100 Hz oscillator and
detector function. Capacitance measurenents should be limted to single-reel
| engths of cable and made at, or corrected to 20 Celsius (C) (68 Fahrenheit
(F)). Pairs not under inmediate test should be grounded to the sheath.
Connecting | eads shoul d be shorted to thenselves at the far end fromthe

bri dge and the anount of |ead capacitance measured, and subtracted fromthe
overal | capacitance measured.

30.4 Delectric strength (voltage withstand). (Refer to 5.2.1.7 and

5.3.2.) The follow ng nmethod is used for the neasurenent of dielectric voltage
wi thstand between conductors of a cable, between conductors and a cable
shield, and between inner and outer conductors of a coaxial cable. Voltage is
appl i ed between conductors or between conductors and shield until dielectric
br eakdown occurs, or the required voltage w thstand duration is reached.

30.4.1 Conductor-to-conductor voltage withstand . A direct current (dc) power
supply, circuit breaker, and amreter are connected in series, and a vol tneter

in parallel as shown in figure G3. The voltage is increased until the

requi red voltage is reached or dielectric rupture causes a breakdown.

30.4.2 (Conductor-to-shield voltage withstand . The apparatus is connected as
shown in figure G4 and the test perforned as described In 30.4.1 above.

30.5 Return loss measurenent with tinme donain refl ectoneter (TDR). (Refer to
5.5.5.4.) Return loss can be neasured with a TOR The cabl e under test shoul d
be of sufficient length to exhibit at least 3 dB attenuation. Suitable
connectors are attached to the ends of the cable under test. The TDR shoul d

be capabl e of producing a step function with a rise time of not nore that 150

pi coseconds.

30.6 Inpedance. (Refer to 5.5.5.3. and 5.5.6.1.) In testing transm ssion
systens, input and output inpedances are neasured at both ends of the cable.
Measurenents nmay al so be required on individual itens of equipnent. The

met hod uses a standard alternating current (ac) bridge to neasure the

i npedances. Normally, the inpedance of transnission systeminputs and
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DC POWER o X—@ p— ;
SUPPLY / SYMMETRICAL

PAIR
&
0-20kV-
NOTE: A = Ameter
X = drcuit Breaker
V = Vol t neter
FI GURE G 3. Dielectric voltage wi thstand, conductor-to-conductor

symmetric-pair cable .
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SINGLE CONDUCTOR

SHEATH

FI GURE C 4. Dielectric voltage wi thstand, conductor-to-sheath

Asymmetrical -pair or coaxial cable
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out puts shoul d be nmeasured at the test tone level nornmally used at that point
of the system Two kinds of ac bridges may be used. See M L-STD 188- 100,
Common Test Met hods, i npedance,

30.7 Cosstalk. (Refer to 5.2.1.5 and 5.5.4.) CGosstalk is indicated when,
in tw adj acent signal-carrying channels, signals fromone channel may be
detected in the other. Cosstalk is evidenced as near-end and far-end
crosstal k, dependi ng on which end contains the interference-produci ng
mechanism A signal is applied to a "disturbing"” channel, at a | evel which
general |y shoul d not exceed zero dBmO at the zero transm ssion | evel point,
then the crosstal k | evel on the disturbed channel is neasured. Near-end
crosstalk is nmeasured at the end nearest to the source of the disturbing
signal (i.e., at the sending station) while far-end crosstalk is measured at
the far end of the channel ,i.e., at the receiving station). GCosstalk
attenuation is measured as the ratio, in decibels, of the power delivered by
the source into a disturbing channel to the power received at the point of
nmeasurenent in the disturbed channel. See M L-STD 188-100, Common Test -

Met hods, Orosstal k. The root nean square (rns) output-to-output far-end
crosstalk-l1oss is to be.measured. The rns calculation is based on the conbi ned
total of all adjacent and alternate pair conbinations within the sanme | ayer
and center to first-layer pair.conbinations. The rns crosstal k voltage ratio,
in decibels, is the rms crosstalk | oss. See ANSI C8.47-1977, Oosstal k | oss,

30.8 Frequency response (attenuation versus frequency). (Refer to 5.2.2
and 5.3.3) Any signal carrying intelligence extends over a band of
frequencies. Real channels discrimnate agai nst sonme frequencies while
favoring other frequencies. The resulting change in the signal is known as
frequency-versus-anplitude distortion, frequency response, or attenuation
distortion. To test for frequency response, the channel input at the sending
station is termnated in a signal generator of appropriate frequency range,
whose out put . i npedance mat ches the nom nal channel inpedance. The channe
output at the receiving station is termnated in a |level nmeasuring set whose
i nput i npedance mat ches the channel inpedance. A variable frequency signal is
transmtted over the channel under test, and nmeasurenents are recorded at a
nunber of sel ected frequencies.

30.9 O osses, shorts, and grounds . (Refer to 5.2.1.11.) Voltage tests are
nmade on conductors. The Insul ati on between each conductor and all ot her
conductors toget her shoul d be capabl e of w thstandi ng the specified dc vol tage
for 3 seconds. Each conductor is connected in turn to the voltage source,
while.all other conductors and the shield are grounded. The insulation should
wi thstand the specified value of voltage (table VII1) for the specified time
in each case

30.10 Insulation resistance . (Refer to 5.2.1.8.) Each insulated conductor is
to be neasured with all other conductors and the shield grounded. The
nmeasurenents are made with a dc potential of not |ess than 100 volts (V) or
nore than 550 V applied for 1 ninute.

30.11 Mitual conductance . (Refer to 5.2.1.6.) Mit ual conductance is
measured by connecting a hi gh-resi stance ohmeter between the two conductors
of a cable pair, with all other conductors of the cable connected to ground.
The ohmmeter reading, in nmegohns, is converted to mcronhos by taking the
reci procal
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40. ABBREVI ATI ONS

ac alternating current

C Cel si us

dB deci bel s

dBnO decibels (noise power) referred to one milliwatt at zero
transm ssion | evel point

dc di rect current

F Fahr enhei t

Hz hertz

rns root nean square

TR ti me domain reflectoneter

\% vol t

34



Par agr aph

TABLES

Tabl e

APPENDI X D

TEMPERATURE CCORRECTI ON FORMULAS FCOR ATTENUATI QN

w
o
WN -

D1
D11

RESI STANCE, AND REPEATER SPAC NG
CONTENTS

GENERAL
Scope
Application

TEMPERATURE CCRRECTI QN, SYMVETRI CAL- PAI R CABLE
Direct current (dc) resistance correction
Alternating current (ac) resistance and
Attenuation correction

Sinplified attenuation correction

REPEATER PLANNI NG LENGTH, GO AXI AL CABLE
Coaxi al cabl e

Typi cal planning | ength cal cul ati on
Tenperature correction, coaxial cable

ABBREVI ATI ONS

Tenperature correction factor (C ) X 1073
Tenperature change required for 1 percent
change in attenuation

M L- STD- 188- 112
31 AUGUST 1983

Page
36
36
36

36
36

37
38

35



M L- STD- 188- 112
31 AUGUST 1983

APPENDI X D

TEMPERATURE CORRECTI ON FORMULAS FOR ATTENUATI O\
RESI STANCE, AND REPEATER SPAC NG

10. GENERAL
10.1 Scope. The fornulas in this appendi x should aid the user in determ ning

increases in attenuation and resistance as affected by increases in
t enper at ur e.

10.2 Application. This appendi x contains tutorial information in support of
M L-STD-1B8-112. It is a nonnandatory part of this standard.

20. TEMPERATURE OCRRECTI ON, SYMMETRI CAL- PAI R CABLE

20.1 Drect current (dc) resistance correction . The dc Resistance change in
paired cable is approximately 2 percent change for each 5 ° Celsius (O change
in tenperature (approxi mately 1.1 percent change for each 5 ° Fahrenheit (F)
change in tenperature).

Cel si us Fahr enhei t

Re = Ryp[l + 0.004(T. - 20)] R = Reg[1 + 0.0022(T; - 68)]

wher e:

R. = resistance at new tenperature, R it = resistance at new tenperature,
in degrees Cel sius i n degrees Fahrenheit

Ro = a resistance at 20 °C Rss = a resistance at 69 °F

T. = new tenperature, in degrees T = new tenperature, in degrees
Cel si us Fahr enhei t

20.2 Aternating current (ac) resistance and attenuati on correction . The

following forrmulas alply to copper cables with average nutual capacitance of
0. 062 mi crofarads/ kil ometer (0.083 mcrofarads/mle).

Cel si us Fahr enhei t
Resi st ance: Resi st ance:
Ric = Ry[1 + Cio(T: - 20)] Rt = Reg[1 + Cii(T; - 68)]
At t enuat i on: At tenuat i on:
Aic = Ap[l + Cie(Tc - 20)] A = Axpll + Cii(Ts - 68)]
wher e: wher e:
R = resistance at new tenperature, Rt = resistance at new tenperature,
in degrees Cel sius i n degrees Fahrenhei t
T. = new tenperature, in degrees T = new tenperature, in degrees
Cel si us Fahr enhei t
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C. = tenperature correction factor G = tenperature correction factor
(See table D1.) (See table D1.)

A, = attenuation at new tenperature, A = attenuation at new tenperature
deci bel s (dB) dB

Ry = resistance at 20 °C, in ohns Rss = resistance at 68 °F, in ohmns
Ay, = attenuation at 20 °C, in dB. Ags = attenuation at 68 °F, in dB

NOTE: An unknown resi stance or attenuation can be cal culated froma known
guantity at a reference tenperature other than 20 °C (6°F) using these forml as
wi th mnor changes. The known resistance will be substituted for RR0 (R68);

the alternate reference tenperature will be substituted for 20C (68F).

TABLE D-1. Tenperature correction factor (C ) x 1072
FREQUENCY .
(kHz) 19 AYG 22 AWG 24 AWG | 26 AWG
10 °c 3.3 3.9 4.3 4.6
(°F) (6.0) (7.0) (7.8) (8.3)
50 °C 3.3 3.0 3.1 3.4
(°F) (5.9) (5.4) (5.6) (6.1)
100 °cC 3.9 3.3 3.0 3.1
(°F) (7.0) (5.9) (6.5) | (5.5)
200 °C 4,6 4,0 3.3 3.2
(°F) (8.3) (7.1) (6.0) (6.7)
400 °C 5.0 4.6 4,2 3.7
(°F) (9.0) - (8.3) (7.5) (6.7)
772 °C 5.2 5.2 4.8 4,4
(°F) (9.4) (9.3) (8.7) (7.9)

aAn o~ -a -a - . P . - .- - - Lo- - - -

NOTE: To convert degrees Fahrenheit to degrees Celsius: (T ¢ - 32)/1.8.
To convert degrees Cel sius to degrees Fahrenheit: 1.8T . + 32.
NOTE: 'R denotes resistance; "Att" denotes attenuation.
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Table D11 lists the tenperature change that will produce 1 percent change in
attenuati on.

TABLE D-11.  Tenperature change required for 1 percent change in
attenuati on,
FREQUENCY
(kHz) 19 AWG 22 AWG 24 AWG | 26 AWG
10 °C 3.3 3.9 4,3 4.6
(°F) (6.0) (7.0) (7.8) (8.3)
50  °C 3.3 3.0 3.1 3.4
(°F) (5.9) (5.4) (5.6) (6.1)
100 °c 3.9 3.3 3.0 3.1
(°F) (7.0) (5.9) (6.5) | (5.5)
200 °C 4.6 4,0 3.3 3.2
(°F) (8,3) (7.1) (6.0) (5.7)
400 °C 5.0 4.6 4.2 3.7
(°F) (9.0) (8.3) {7.5) (6.7)
72 °C 5.2 5.2 4.8 4.4
(°F) (9.4) (9.3) (8.7) (7.9)

20.3 Sinplified attenuati on correction
for every 3.9 °C (7°F) change in tenperature.
correction formula is:

Attenuation varies about 1 percent
The sinplified attenuation

Cel si us Fahr enhei t

A - Ayp[l + 0.0026(7, - 20)3 Atf - AB8LI + 0.0014(Tf - 68)3
(Variabl es are as expl ai ned i n paragraph 20.2 above.)

30. REPEATER PLANNING LENGIH, GOAXI AL CABLE

30.1 Coaxial cable. The repeater planning length at 20 °C (68°F) is
calculated by dividing the permtted attenuation between repeaters (a val ue of
22 dB is often used as the attenuation of the cable per unit length at a

desi gn frequency (see table I X paragraph 5.5).
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30.2 Typi cal planning length calculation . 1In a typical installation, a
grade RG 59/ U cable, having an attenuation or 4 dB/ 100 feet (4 dB/30.5 neter)
at 300 negahertz, is used. Anplifiers having a gain of 25 dB (of which 3 dB
are allotted for automatic gain control and aging) are used, and a repeater
spacing of 22 dBis indicated. The unit length is then multiplied by the
quotient 22/4 = 5.5, obtaining an average spaci ng between repeaters of 5.5 x
100 = 550 ft (167.7 m).

30.3 Tenperature correction, coaxial cable . The section planning | ength, at
mean annual buried tenperature T, other than 20 °C (68°F) is calculated from
the fol l owi ng fornmul as:

Planning length in meters = L[1 + 0.0021(20 - T )]

Planning length in feet = L[1 + 0.00117(68 - T ¢)]

wher e:

L = planning length, as determned in 30.2 above, in feet or neters

T. = mean annual buried tenperature, degrees Cel sius

T = mean annual buried tenperature, degrees Fahrenheit

Attenuation increases with tenperature because the resistance of conductors
and the power factor of the dielectric both increase with tenperature, The
first formula sinply indicates that planning | ength decreases about 0.2
percent per 1oC tenperature increase. The planning | ength decreases about 0.1

percent per 1oF

40. ABBREVI ATI ONS

ac alternating current
AW  American Wre Gage
(o Cel si us

dB deci bel

dc direct current

F Fahr enhei t

kHz kil ohertz

m net er
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COWARI SON OF W RE GACGE DI AMETERS

10. CGENERAL

10.1 Scope. The size of wire may be designated either by gage nunber or by
its diameter. The size of a solid wire refers to the cross section of
the wire perpendicular to its length. The size or gage nunber of a stranded
wire refers toits total cross section. Qher dinmensions describing wire
sizes are circular mls (unit equal to the area of a circle whose dianeter is
one ml) or square nillineters (nm 2?).

10.2 Application. This appendix is a nonmandatory part of this standard.

10.3 Types of wire gages (See table E-1.)

a. Amrerican Wre Gage (AW5 is the nost comnmon copper wire gage used in
the United States. AW is also known as Brown and Sharp (B&S) Wre Gage. It
is the only gage whose successive sizes are determ ned by mathenatical |aw

b. British Standard Wre Gage (SW5 is al so known as New British
Standard (NBS), the English Legal Standard, and Inperial Wre Gage (IWH. SW5
is the legal standard of Great Britain for all wres.

c. BirmnghamWre Gage (BW5, although nearly obsolete, is used in the
United States to designate the size of brass wire but is used rarely in G eat
Britain. It is sometinmes called Stubs' (Iron) Wre Gage; not to be confused
with Stubs' Steel Gage, which has limted use for tool steel wire and drill
rods.
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Conpari son of wire gage dianeters

NEW BRITISH STANDARD (NBS) BIRMINGHAM (BWG)
GAGE | AMERICAN WIRE GAGE (OR BRITISH STANDARD (SWG))| (OR STUBS' IRON) WIRE
NO. (AWG) WIRE GAGE GAGE
(mm) _ (mils) (mm) (mils) (mm) (mils)
7-0 -—- - 12.7 500.0 - -
6-0 ——— e 1.8 464.0 — —--
5-0 . 11.0 432,0 ——— —--
4-0 11.68 460.0 10.2 400.0 11.5 454 .0
3-0 10.41  410.0 9.4 372.0 10.8 425.0
2-0 9.27  365.0 8.8 348,0 9.7 380.0
0 8.25 324.9 8,23 324,0 8.6 340.0
1 7.35 289.3 7.62 300.0 7.6 300.0
2 6.54 257.6 7.01 276,0 7.2 284.0
3 5.83 229.4 6.40 252.0 6.6 259.0
4 5,19 204.3 5.89 232.0 6.0 238.0
5 4,62 181.9 5.39 212.0 5.6 220.0
6 4,12 162.0 4,88 192.0 b.2 203.0
7 3.66 144.3 4,47 176.0 4.6 180.0
8 3.27 128.8 ' 4,06 160.0 4,2 165.0
9 2.91 114.4 . 3.66 144.0 3.76 148.0
10 . 2.59 101.9 3.25 128.0 3.40 134.0
11 2.30 90.7 2.95 116.0 3.05 120.0
12 2,05 80.8 2.64 104.0 2.77 109.0
13 1.83 . 72.0 - 2.34 92,0 2.41 95.0
14 1,63 64.1 2,03 80.0 2.11 83.0
15 1.45 ° 57.1 1.83 72.0 1.83 72.0
16 1.29 50.8 1.63 64.0 1.65 65.0
17 1.15 45,3 - 1.42 56.0 1.47 58.0
18 1.02 40,3 1.22 48.0 1.24 49,0
19 0.91 35.9 1.02 40.0 1.07 42.0
20 0.81 32.0 0.9 36.0 0.89 35.0
21 0.72 28.5 0.81 32.0 0.81 32.0
22 0.65 25.4 0.71 28.0 0.71 28.0
23 0.57 22.6 0.61 24.0 0.64 25.0
24 0.51 20.1 0.56 22,0 0.56 22.0
25 0.45 17.9 0.51 20.0 0.51 20.0
26 0.40 15.9 0.46 18.0 0.46 18.0
27 0.36 14.2 0.42 16.4 0.41 16.0
28 0,32 12.6 0.38 14,8 0.36 14.0
29 0.29 1.3 0.345 13.6 0.330 13.0
.30 - 0,25 10.0 0.315 12.4 0.305 12,0
31 0.23 8.9 0.295 11.6 . 0.254 10.0
32 0.20 8.0 0.274 10.8 0.229 9.0
33 0.18 7.1 0.254 10.0 0.203 8.0
34 0.16 6.3 0.234 9.2 0.178 7.0
35 0.14 5.6 0.213 8.4 0.127 5.0
36 0.13 5.0 0,193 7.6 0.102 4.0
37 0.11 4,5 0.173 6.8 —— ———
38 0.10 4.0 0.152 6.0 -———— ————
39 0.09 3.5 0.132 5.2 ——— ————
40 0.08 3.1 0.122 4.8 ———— ——
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